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lyhydroxy compounds. The final 
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(B) an organometallic compound 
of a metal selected from the group 
consisting of metals of Groups I to 
III of the periodic table, and 

(C) an organic silicon compound 
having an Si-O-C bond or Si-N-C 
bond. 
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SPECIFICATION 

Gotottyoft caxnffl^&OTQtnrt a trad) o^ssaonra ff r an so on olefin polymGrisato n 

5 This invention relates to a process for producing olefin polymers (sometimes used to denote 
both homopoiymers and copolymers of olefins) by the polymerization (sometimes used to denote 
both homopoftymerization and copolymerization) of olefins. Particularly, it relates to a process for 
producing olefin polymers of high stereo-specificity in large quantities by the polymerization of 
alpha-olefins having at least 3 carbon atoms. 

10 In the polymerization of alpha-olefins having at least 3 carbon atoms according to the process 1 
of the invention, the resulting polymer shows little or no reduction in stereospecrftcsty even 
when the mett index of the polymer is changed by using a molecular weight controlling agent 
such as hydrogen. Furthermore, when the process of this invention is carried out by the slurry 
polymerization method or vapor phase polymerization method , there can be obtairted a granular 

1 5 or spherical polymer which has good flowability, a high bulk density, and a narrow particle size 1 
distribution with most of the particles having a moderate particle size. The process of this 
invention also has the advantage that the decrease of the activity of the catalyst is extremely 
little with the lapse of the polymerization time. 

More specifically, this invention relates to a process for producing olefin polymers or 

20 copolymers which comprises polymerizing or copolymerizing olefins or copotymerizing olefins 
and dienes in the presence of a catalyst system composed of the following components (A), (B) 
and (C): 

(A) a solid titanium catalyst component containing magnesium, titanium, halogen and an ester 
selected from the group consisting of esters of poly car boxy lie acids and esters of poSyhydroxy 

25 compounds, said catalyst component being obtained by contacting a liquid hydrocarbon solution 
of (<) a magnesium compound with (ii) a titanium compound in the liquid state to form a solid 
product or first preparing a liquid hydrocarbon solution of the magnesium compound (i) and the 
titanium compound (ii) and then forming a solid procuct therefrom, said reaction of forming the 
solid product being carried out in the presence of (D) at least one electron donor selected from 

30 the group consisting of monocarboxylic acid esters, aliphatic carboxylic acids, carbosylic acid 
anhydrides, ketones, aliphatic ethers, aliphatic carbonates, alkoxy group-containing alcohols, 
aryloxy group-containing alcohols, organic silicon compounds having an Si-O-C bond and 
organic phosphorus compounds having a P-O-C bond, and during or after the formation of the 
solid product, contacting the solid product with (E) an ester selected from the group consisting 

35 of esters of poly carboxylic acids and esters of polyhydroxy compounds, 

(B) an organometallic compound of a metal selected from the group consisting of metals of 
Groups 1 to III of the periodic table, and 

(C) an organic silicon compound having an Si-O-C bond or Si-N-C bond. 
This invention also pertains to the aforesaid solid titanium catalyst component. 

40 Numerous techniques have been proposed heretofore about the production of a s^id catalyst 
component consisting essentially of magnesium, titanium, halogen and an electron donor, and it 
is known that the use of this solid catalyst component in the polymerization of alpha-olefins 
having at least 3 carbon atoms can give highly stereospecific polymers with high catalytic 
activity. Many of these prior techniques, however, are still desired to be improved in regard to 

45 the activity of the catafvst component and the stereospecificity of the polymer. 

For example, in orde. to obtain an olefin polymer of high quality without the need to treat it 
after the polymerization, the proportion of a stereospecific polymer formed should be very high 
and the yield of the polymer per unit amount of the transistion metal should be sufficiently high. 
From this viewpoint, the prior techniques may be on a fairly high level with certain types of 

50 polymer, but few are entirely satisfactory in regard to the residual halogen content of the 
polymer which causes the corrosion of molding machines. In addition, many of the cattalyst 
components produced by the prior techniques have the defect of reducing yield and stereospeci- 
ficity to not a small extent. 

Japanese Laid-Open Patent Publication No. 94590/1979 (laid open on Jury 26, 1979) 

55 discloses a process for polymerizing olefins using a catalyst system containing a compound 
which can overlap the component (C) of the catalyst system used in this invention. This patent 
document, however, fails to disclose the component (A) specified in the present application. 
Japanese Laid-Open Patent Publication No. 36203/1980 (laid-open on March 13, 1980) also 
discloses a process for polymerizing olefins using a catalyst system containing a compound 

60 which can overlap the component (C) used in this invention, but fails to disclose the catalyst 
component (A). 

Japanese Laid-Open Patent Publication No. 81 1/1981 laid open on January 7. 1981 
(corr sponding to U.S. Patent 4,330,649) of which inventorship includes the present inventors 
discloses a process for th product! n of olefin polymers or copolymers having good flow-ability, 
65 a uniform particle size and a uniform particle size distribution, which is specially suitable for th 
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preferably up to about 10m les. per m I f ths magnesium c mpound (i). When an aliphatic 
or oitcyclic hydrocarbon is used as the hydrocarbon solv nt. alcohols are used in the above- 
mamionod pr portion, and among them, alcohols having at least 6 carbon atoms are used in an 
amount of at I ast about 1 mole, pr ferably at feast about 1 .5 moles, per mole of the halogen- 

5 containing magnesium compound. This is preferred since the halcgen-containing magnesium 5 
compound can be sotubilized with the use of alcohols in a small total amount and a catalyast 
component having high activity can be prepared. If in this case only alcohols having not more 
than 5 carbon atoms are used, their amount should be at least about 1 5 moles per mote of the 
halogen-containing magnesium compound, and the resulting catalyst component has lower 

10 catalytic activity than that obtained as described above. On the other hand, when an aromatic 10 
hydrocarbon is used as the hydrocarbon solvent, the halogen-containing magnesium compound 
can be solubilized by using alcohols in the aforesaid amounts irrespective of the types of the 
alcohols. Furthermore, if, for example, a tetraaiboxy titanium is caused to be present together as 
the titanium compound (ii) in solubilizing the halogen-containing magnesium compound, the use 

15 of a small amount of alcohols makes it possible to solubilize the halogen-containing magnesium 1 5 
compound. 

Preferably, the contacting of the halogen-containing magnesium compound with the alcohols 
is earned out in a hydrocarbon medium usually at room temperature or a higher temperature, 
and depending upon the types of these compounds, at more than about 65*C. preferably about 

20 80 to 300*C, more preferably at about 100 to about 200*C. The contact time can also be 20 
properly selected. For example, it is about 15 minutes to about 5 hours, preferably about 30 
minutes to about 2 hours. Illustrative of suitable alcohols having at least 6 carbon atoms are 
C 6 -C 20 aliphatic alcohols such as 2 -methyl pentanol, 2-ethylbutanol, n-heptanol, n-octanol. 2- 
ethylhexanol, decanol, dodecanol. .tetradecyt alcohol, undecenot. oleyl alcohol and stearyl 

25 alcohol; C 6 -C 20 alicyclic alcohols such as cydohexanol and methylcyclohexanol; C 7 -C 20 aromatic 25 
alcohols such as benzyl alcohol, methylbenzyl alcohol, isopropylbenzyl alcohol, alpha-methylben- 
zyl alcohol and alpha. alpha-dimethylbenzyl alcohol; and C 6 -C 20 aliphatic alcohols containing an 
alboxy group, such as n-butyl Ceflosolve ( — ethylene glycol mono-n-butyl ether) and 1-butoxy-2- 
propanol. Examples of other alcohols are alcohols having not more than 5 carbon atoms such as 

30 methanol, ethanol. propanol. butanol. ethylene glycol and methyl carbitol. 30 
When the carboxylic acid is used an an electron donor, organic carboxylic acids having at 
(east 7 carbon atoms are suitable. Examples include those having 7 to 20 carbon atoms, such 
as caprylic acid, 2-ethylhexanoic acid, undecylentc acid, undecanoic acid, nonylic acid and 
octanoic acid. 

35 Suitable aldehydes for used as the electron donor are those having at least 7 carbon atoms. 35 
Examples are those having 7 to 18 carbon atoms, such as capric aldehyde, 2-ethylhexyl 
aldehyde, capryl aldehyde and undecylic aldehyde. 

Suitable amines are those having at least 6 carbon atoms. Examples include amines having 6 
to 1 8 carbon atoms, such as heptylamine. octyiamine, nonylamtne, decylamine. laurylamine, 
40 undecylamine and 2-ethylhexylamine. 40 
Illustrative of the ether as the electron donor es tetrahydrofuran. 

The preferred amounts of these carboxylic acids, aldehydes, amines and ethers and the 
preferred temperatures at which they are used are much the same as described hereinabove. 
The hydrocarbon solvent solution of the magnesium compound (i) may also be formed by 

45 using magnesium metal or another magnesium compound capable of being converted to the 45 
magnesium compound (i), and dissolving it in the hydrocarbon solvent while converting it to the 
magnesium compound (i). For example, this can be achieved by dissolving or suspending a 
magnesium compound having an alkyl, alkoxy, aryloxy, acyl, amino or hydroxyl group, 
magnesium oxide, or metallic magnesium in a hydrocarbon cotvent having the alcohol, amine, 

50 aldehyde, carboxylic acid, ether, etc. dissolved therein, and forming a halogen-containing 50 
magnesium compound (i) having no reducing ability while halogenating it with a halogenating 
agent such as a hydrogen hafide. a halogen-containing silicon compound, halogen, a halogen- 
containing aluminum compound, a halogen-containing lithium compound or a halogen-contain- 
ing sulfur compound. Alternatively, it is possibSe to treat a Grignard reagent, a dialkyl 

55 magnesium, magnesium hydride or a complex of such a magnesium compound with another 55 
organometalic compound, for example a magnesium compound having reducing ability repre- 
sented by the formula fv^Mg^R'pR^X.Y, wheresn M represents aluminum, zinc, borom or 
beryllium, R' and R 2 represent a hydrocarbon ©roup, X and Y represent a group of the formula 
OR 3 , 0SiR 4 R 5 R 6 . NR 7 R 8 or SR*, R 3 . R 4 , R 4 , R c , R 7 and R B represent a hydrogen atom or a 

SO hydrocarbon group, R fl represents a hydrocarbon group, a and 0 are greater than zero, p, q, r 60 
and s are a number of at least 0, m represents the atomic valence of M, fi/a S0.5. 
p-*-q + r-f-s = ma 4- 20, and 0^(r + s)/(a + /?)< 1 .0 with a compound capable of destroying 
reducing ability, such as an alcohol, a ketone, an ester, an ther, an acid halide, a silanol, a 
siloxane, oxyg n, w ter, an ace tat, or an alkoxy or aryloxy compound of silic n or aluminum, 

65 and dissolving th resulting magnesium compound (») having n reducing ability in the 65 
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hydrocarbon solvent. In the above formula, examples of the hydrocarbon groups are C, to C 20 of 
a£Etyl groups such as an ethyl group, propyl group, butyl group, a my I group, hexyl group, octyl 
group and dodecyl group, and C 6 to aryl groups such as a phenyl group and t lyl group. 
Various titanium compounds can be used as the titanium compound (ii) in the preparation of 
5 the soild titanium catalyst component (A). Preferred are tetravalent titanium compounds of the 5 
formula 



Tt(OB) 6 X^ 

10 wherein R represents a hydrocarbon group, X represents a halogen atom and g is a number 10 
represented by 0^g±=4. In the above formula, examples of the hydrocarbon group are C,-C 10 
a&yl groups, and a phenyl group which may have a subsmuent such as a lower alkyl group, for 
example C, to C 4 alkyl group, and a halogen atom. 

Specific examples of the titanium compound (ii) include titanium tetrahalides such as TiCI 4 , 
15 TiBr 4 and Til*: alkoxy titanium trihalides such as TKOCH-JClj. Ti(OC 2 H 5 )CI 3 , Ti(0n-C 4 H 9 )C1 3 . 15 
TtCOCpHJBr, and Ti(Oiso-C 4 H g )Br 3 ; alkoxy titanium dihalides such as Ti(OCH 3 ) 2 CI 2 , Ti(OC 2 H 5 ) 2 CI 2 . 
Ti(On-C 4 H 9 ) 2 CI 2 and Ti(OC 2 H 5 ) 2 Br 2 ; trialkoxy titanium monohalides such as Ti(0CH 3 ) 3 CI, 
Ti{OC 2 H s > J CI, Ti(0n-C 4 H g ) 3 CI and Ti(OC 2 H 5 ) 3 Br; tetra-alkoxy titaniums such as Ti(0CH 3 ) 4 , 
TeCOC 2 Hs) 4 and Ti(On-C 4 H 9 ) 4 ; mixtures of these; and mixtures of these with hydrogen halides. 
20 halogens, other metallic compounds such as aluminum compounds or silicon compounds, or 20 
sulfur compounds. Of these halogen-containing titanium compounds are preferred. Titanium 
tetrahalides, above all titanium tetrachloride, are especially preferred. 

The titanium compound (it) in the liquid state may be one. or a mixture, of titanium 
compounds which are liquid themselves, or may be a solution of the titanium compound in a 
25 solvent such as hydrocarbons. 25 
In the present invention, the soild titanium catalyst component (A) containing magnesium, 
titanium, halogen and a compound selected from the group consisting of esters of polycarboxy- 
Ec acids and esters of polyhydroxy compounds can be prepared in the following manner. 

A liquid hydrocarbon solution of the magnesium compound (i) is contacted with the titanium 
30 compound (ii) in the liquid state to form a solid product. Or a liquid hydrocarbon solution of a 30 
mixture of the magnesium compound (i) and the titanium compound (ii) is first prepared, and 
then a solid product is formed from it. The reaction of forming the solid product is carried out in 
the presence of at least one electron donor (D) specified hereinabove, and the product is 
contacted with the ester (E) selected. from the group consisting of esters of polycarboxylic acids 
35 and esters of polyhydroxy compounds during the formation of the solid product [embodiment 35 
(a)] or after the formation of the soild product [embodiment (b)]. 

The electron donor (D) is selected from the group consisting of monocarboxylic acid esters, 
aliphatic carboxylic acids, carboxylic acid anhydrides, ketones, aliphatic ethers, aliphatic carbo- 
nates, alkoxy group-containing alcohols, aryloxy group-containing alcohols, organic silicon 
40 compounds having an Si— O-C bond and organic phosphorus compounds having a P-0-C 40 
bond. Examples of peferred electron donors include C,— Cjo monocarboxylic acid esters, Ct-C^ 
preferably C- to C 6 , aliphatic carboxylic acids, C^-C^ carboxylic acid anhydrides, C 3 -C 20 
ketones, C 2 -C 16 aliphatic ethers, C 2 -C l6 aliphatic carbonates, C 3 -C 20 alkoxy group-containing 
alcohols, C 3 -C 20 aryloxy group- contaning alcohols, organic silicon compounds having an 
45 Si-O-C bond in which the organic group has 1 to 10 carbon atoms, and organic phosphorus 45 
compounds having a P-O-C bond in which the organic group has 1 to 1 0 carbon atoms. 

Specific examples of the monocarboxylic acid esters are methyl formate, methyl acetate, ethyl . 
acetate, vinyl acetate, propyl acetate, iso-butyl acetate, ten-butyl acetate, octyl acetate, cyclo- 
hexyi acetate, ethyl propionate, methyi butyrate, ethyl valerate, ethyl pyruvate, ethyl pivalate, 
50 methyl chloroacetate, ethyl dichloroacetate, methyl methscryiate, ethyl crotonate methyl cyclo- 50 
hexanecarboxylale, methyl benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl 
benzoate, cyclohexyl benzoate, phenyl benzoate, benzyl benzoate, methyl toluate. ethyl toluate, 
amyl toluate, ethyl ethyl benzoate, methyl anisate, ethyl anisate, and ethyl ethoxy benzoate. 
Specific examples of the aliphatic carboxylic acids are formic acid, acetic acid, propionic acid, 
55 butyric acid and valeric acid. 55 
Specific examples of the carboxylic acid anhydrides are acetic anhydride, mateic anhydride, 
benzoic anhydride, phthalic anhydride, trimellrtic anhydride and tetrahydrophthalic anhydride. 

Specific examples of the ketones are acetone, methyl ethyl ketone, methyl isobutyl ketone, 
ethyl n-butyf ketone, acetophenone, benzophenone, cyctofasxanone, and benzoquinone, 
60 Specific examples of the aliphatic ethers include methyi ether, ethyl ether, iospropyl ether, 60 
butyl ether, amyl ether, ethyl benzyl ether, ethylene glycol dibutyl ether, and anisole. 

Specific examples of the alkoxy group-containing aiccfcote are butyl Cellosolve (ethylene glycol 
monobutyl ether) and ethyl Cellosolve (ethylene glycol mmoethyl ether). 

Specfic xampl s f the aliphatic carbonates are dimefthyl carbonat , di thyl carbonate, and 
65 ethylene carbonate. 65 
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SpecrEr ©samples of the rganic silicon compounds having as Si-O-C bond are methyl j£ 

silicate, <»$hryl silicate and diphenyldim thoxysilane. f \ 

Sp<5C*ffcc examples of th rganic phosphorus compounds having a P-O-C bond are trimethyl i\ 

phosphfca end triethyl phosphit . p. 

5 Iff desoori. these electron donor compounds may be formed in situ during the formation of the 5 fj". 

catalyst (&rcnrtponent (A). ~ 

lllustrtsroe off preferred polycarboxylic acid esters or polyhydroxy compound esters used in the fe 

preparEffincn off the catalyst component (A) are those having a skeleton represented by the [% 

formula h<- 

10 10 H 

R J -C-COCW fit 

I $ 

R«-C-C©OR 2 , S 

15 R s COOR 1 15 

V i 

/ \ s 

R< COOR 2 , 

20 20 vl 

Or ri 

R 3 -C-CCOR 5 | 

I ' I 

25 R*-C-OCOR 6 25 f 

wherein R r represents a substituted or unsubstituted hydrocarbon group; R 2 . R 5 and R 6 & 
represent a hydrogen atom or a substituted or unsubstituted hydrocarbon group; R 3 and R* 

represent a hydrogen atom or a substituted or unsubstituted hydrocarbon group and preferably ;fs 

30 at least «nts of R 3 and R 4 is a substituted or unsubstituted hydrocarbon group, or R 3 and R 4 may 30 
be linked to each other; and the substituted hydrocarbon group mentioned above is a 
substituted hydrocarbon group containing a hetero atom such as W. C and S. for example one 

containing such a group as C-O-C, COOR, COOH, OH, SO3H, -C-W-C- or NH 2 . g 
Examjs*2s of the hydrocarbon group in the above formula include C t — C 10 alkyl groups such as 

35 a methyl ethyl, propyl, butyl, amyl, hexyl, or octyl group, C tt -C 16 aryl groups such as a phenyl, 35 § 

tolyl, ayM- benryl or naphthyl group, C,-C, 0 aikylidene groups such as a methylidene, p 

ethyltdeaca or propylidene group, and C,-C 10 alkenyl groups such as a vinyf. allyl or propenyl ~j 

group. (Enzsmples off the ring formed by the bonding of R 3 and R* are cydohexane, benzene, % \ 

napthaSsrte, norbornane and cyclopentane rings. ||/ 

40 These (hydrocarbon groups may contain such substituents as exemplified above. 40 j£ 

Amcatg these electron donors (0), m on oca r boxy lie acid esters, aliphatic carboxylic acids, jsj 
carfoonyEr acid anhydrides, ketones, alttoxy group-containing alcohols and organic silicon 
compounds having an Si-O-C bond are preferred. The monocarfctoxyiic acid esters and 
carboxrylEc acid anhydrides are especially preferred. 

45 SpeciSc examples of preferred polycarboxylic acid esters (E) include Cs-Cjo aliphatic poly car- 45 |j 
boxyiicsccd esters such as diethyl methylsuccinate, diisobutyl alpha-methyfglutarate, diethyl 
methyinnsionate. diethyl ethylmalonate, diethyl isopropylmalonate, diethyl butylmalonate, diethyl 

phenyfem*onate, diethyl diethyl ma lonate. diethyl dibutylmalonate. monoisoctyl maleate, diisooc- p 

tyf maSezSe, diisobutyl maleate, diisobutyl butylmaleate, diisopropyl beta-methylglutarate, diallyl ;V 

50 ethylsuoainate, di-2-ethylhexyl fu ma rate, diisopctyl citraconate, and esters of long-chain dicar- 50 \A 

boxylsc smfis (e.g., diethyl adipate, diisobutyl adipate, diisopropyl sebacate. di-n-butyl sebacate, \', 

di-n-cctpQ sebacate and di-2-ethylhexyl sebacate); C w -C w alccyctic poSycarboiiylic acid esters ^ 

such as tfSsthyl 1 # 2-cyclohexane-carboHylate and diisobutyl 1,2-cyctohexanecarboxylate; C 10 -Cjo p 

aromsaEc porycarboxylic acid esters such as monoethyl phthalate, dimethyl phthalate, methyle- i\ 

55 thyl p$BSsfc£tote, monoisobutyl phthalate, diethyl phthalate, ethyl csofoitylphtfaalate, di-n-propyl 55 f\ 

phthsteas, diisopropyl phthalate, di-n-butyl phthalate, diisobutyl phthalate. di-n-heptyl phthalate, U 

di-2-eafopDtexyl phthalate, di-n -octyl phthalate, dineopentyl phthalate, didecyl phthalate, benxyl Q 

butyl gcfeStesflate, diphenyl phthalate, diethyl rtaphthalenedicarboxy&oe and dibutyl napthalenedt- R 

carbonates©; and Cq-Cjq heterocyclic polycarboxylic acid esters sudh as esters of 3,4-furanedicar- |j 

60 boixyfa: greed. 60 p 
lliustasacve of preferred esters of polyhydroxy compounds, (E), are esters formed between C 0 to 
C 10 arcsnsaEc polyhydroxy compounds and C t to C )2/ preferably C, to C 7 , aliphatic carboxylic 
acids sscrih as 1,2-dia»cetoxybenzene, 1-methyl-2,3-diacetoxybenzens and 2,3-diac toxynaphthal- 
ene. 

65 In ojTxdhcrfjng the substance derived from the ester selected from the group consisting of esters 65 
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of potycarboxyttc &ct<2s srtd esters of polyhydroxy compounds into the catalyst component (A), it 
is not always necesssry to use such a compound itself as a starting material. If desired, it is 
possibl to use a compound capabl f being converted to such a compound during the 
preparation of th ttensum catalyst component (A) and convert it to the ester during the 
5 preparation of the catafyst component (A). 5 
The amount of the electron donor (D) present during the formation of the solid product in the 
embodiment (a) or (b) is. for example, about 0.01 to about 1 mole, preferably about 0.05 to 
about 0.5 mole, per mcie of the magnesium compound (i). By the selection of such an amount, 
the particle size of the sofid product can be adjusted. 
10 If the amount of the electron donor (D) is too large, it may be deposited too much on the solid 1 0 
product any may posssbfy exert adverse effects although the degree of adverse effects varies 
according to the type <rf the electron donor (0). It is preferred therefore to select a suitable 
amount within the abrae-exemplified range. 

When the solid product is formed in the presence of the polycarboxylic acid ester and /or 
1 5 pory hydroxy compound ester. (E). in accordance with the embodiment (a), the ester (E) is used 1 5 
preferably in an amount of about 0.01 to about 1 mole, especially from about 0.1 to about 0.5 
mole, per mole off the magnesium compound (i). Preferably, the molar ratio of the ester (E) 
deposited on the solid product to the electron donor (D) is adjusted to 1 : about 0.01 -about 2, 
especially 1 : about 0.1— about 1 . 
20 In order to form a sc£d product containing magnesium and titanium from a hydrocarbon 20 
solution of the magnesium compound (i) and the titanium compound (ii) in the liquid state, it is 
preferred to employ a method of reacting the two liquids by contacting them with each other. 
Preferably, a halogen-containing compound is used as the titanium compound (ii> in an amount 
sufficient to form the so£d product. The amount of the titanium compound (ii) used may vary 
25 depending upon itsT^Ee. the contacting conditions and the amounts of the electron donor (D) 25 
and other ingredients. Preferably, its amount is at least 1 mole, usually about 2 to about 200 
moles, especially about 3 to about 100 moles, per mole of the magnesium compound (i). 

If the solid product as difficult to form by the mere contacting of the liquid hydrocarbon 
solution of the magnesoim compound (i) with the titanium compound (ii) in the liquid state, or if 
30 the solid product is difficult to form by simply leaving the hydrocarbon solution of the 30 
compounds (i) and (E)to stand, an additional amount of the titanium compound (ii), preferably a 
halogen-contaning titanium compound (ii), may be added, or another precipitating agent ay be 
added, so as to form tffes solid product. Illustrative of such precipitating agent are haiogenating 
agents such as halogens, halogen ated hydrocarbons, halogen-containing silicon compounds, 
35 halogen-containing sbcmtnum compounds, halogen-containing lithium compounds, halogen- 35 
containing sulfur compo u nds and halogen-containing antimony compounds. Specific examples 
are chlorine, bromine, hydrogen chloride, hydrochloric acid, phosphorus pentachloride, thionyl 
chloride, thionyf bronze, sulfuryl chloride, phosgene, and nrtrosyl chloride. 

The solid product differs in shape or size depending upon the conditions for its formation. In 
40 order to obtain a solid product having a uniform shape and a uniform particle size, it is preferred 40 
to aviod its rapid forcre&on. For example, when the solid product is to be formed by mixing the 
compounds (i) and (a) in the liquid state and reacting them with each other, it is advisable to 
mix them at a sufficcsnfffiy low temperature which does not cause rapid formation of a solid 
product, and then to etevate the temperature gradually. According to this method, there can 
45 easily be obtained a j^namilar or spherical solid product having a relatively large particle diameter 45 
and a narrow particte ssze distribution. 

When slurry poSymsrization or vapor phase polymerization is carried out by using the granular 
or spherical solid csaz2y& having a good particle size distribution which can be obtained as 
above, the resulting poSymer is granular or spherical and has a narrow particle size distribution, 
50 a high bulk density SJtri good flowability. The term "granular", as used herein denotes particles 50 
which look like an asssmbfy of fine powders when examined by an enlarged scale photograph. 
Particles ranging from utose having many uneven parts to those close to a true sphere can be 
obtained as th® grsmMr product depending upon the method of preparing the solid catalyst 
component. ^ 
55 The contacting off tSte liquid hydroca* Jon solution of the magnesium. compound (i) with the 55 
titanium compound JsJ ~tn the liquid state may be effected, for example, at a temperature of 
about — 70*C to atemx 4- 200X. The temperatures of the two liquids to be contacted may be 
different from each o&tsr. Generally, it is frequently preferred to employ a contacting method 
not involving too farg& a temperature, in order to obtain a solid catalyst component having a 
60 desirable granular or ^tftertcal shape and high performance. For example, temperatures of about 60 
— 70 to about 4- SOX sure preferred- If the contacting temperature is to© toro, precipitation of a 
solid product may eoascgaimss be not observed. In such a case, it is desarssbte to elevate the 
temperatur to sfiKwct 50 to about 1 50 # C for example, or continue th contacting for a longer 
period of time untcJ Qtnscspotation f the solid product occurs. 
65 The solid (product is preferably washed with an xcess of a liquid titanium compound or a 65 
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liquid halogenated hydrocarbon, preferably titanium t trachloride, 1 ,2-dichioroethane. chloro- 
benz n , m thyl chlorid and h&^chioroethane at least once at a temperature of, for example 
about 20 t about 1 SOX. Then, the product is usually washed with a hydrocarbon and can be 
us d in polymerization. Examples cf the hydrocarbon may be th same as those exemplified 
5 h retnabove with regard t the tarnation of the liquid hydrocarbon solution of the magnesium 
compound (i). 

The method according to the embodiment (a) is excellent because its operation is simple and 
a solid catalyst component (A) of high performance can be obtained. 
In the embodiment (b), the following procedure can be taken. 

10 A suspension of the solid product is prepared after forming a hydrocarbon solution of the 
magnesium compound (i) and the titanium compound (ii) or by contacting the magnesium 
compound (i) in the liquid state and the titanium compound in (ii) in the liquid state as in the 
embodiment (a). Generally, a method can be employed in which the polycarbo*ylic acid ester 
and /or polyhydroxy compound ester is added to this suspension, and reacted at a temperature 

1 5 of, for example, about 0 to about 1 50 X. The amount of the electron donor used is the same as 
in the embodiment (a). The resu&ng solid product can be washed at least once with a liquid 
titanium compound, preferably an excess of titanium tetrachloride, at a temperature of about 20 
to about 1 50X. 

If desired, the embodiments (a) and (b) may be used together in the present invention. 
20 In the formation of the solid product in this invention in the manner described above, a 
porous inorganic and/or organic solid compound may be present so that the solid product is 
deposited on the surface of the porous solid compound. In this case, it is possible to 
preliminarily contact the porous solid compound with the magnesium compound (i) in the liquid 
state, and then contact the porous solid compound holding the liquid magnesium compound 
25 with the liquid titanium compound (ii). 

Illustrative of the porous solid compound are silica, alumina, polyolefins. and products 
obtained by treating these compounds with halogen-containing compounds such as chlorine, 
bromine, hydrogen chloride, 1.2~dichloroethane and chlorobenzene. 

The solid titanium catalyst component (A) used in this invention may be one obtained by the 
30 aforesaid embodiment <a) or (b). wrrth or without further washing with a titanium compound, a 
hydrocarbon, etc. 

Preferably, the solid titanium catalyst component (A) which can be obtained by any of the 
above-described embodiments is used for polymerization after it is well washed with a 
hydrocarbon. The resulting solid titanium catalyst component (A) preferably has such a 

35 composition that the magnesium/titanium atomic ratio is, for example, from about 2 to about 
1 00, preferably from about 4 to about 50, more preferably from about 5 to about 30, the 
halogen/titanium atomic ratio ?s. for example, from about 4 to about 100, preferably from 
about 5 tc about 90, more preferably from about 8 to about 50, and the electron donor /titan- 
ium mole ratio is, for example, from about 0.01 to about 100. preferably from about 0.2 to 

40 about 10, more preferably from about 0.4 to about 6. As stated hereinabove, the shape of the 
catalyst component (A) is, in mam/ cases, granular or nearly spherical. Usually, it has a specific 
surface area of, tor example, at least about 10 m 2 /g, preferably about 100 to about 1000 
m 2 /g. 

The halogen in the solid titanium catalyst component (A) is chlorine, bromine, oidine. fluorine. 
45 or two or more of these, preferably chlorine. The electron donor included in the catalyst 

component (A) at least contains 'Jie ester (E) selected from esters of polycarboxylic acids and 
esters of polyhydroxy compoufnte, and sometimes contains the electron donor (D) as well. 

The ratio of the ester (E) to the other electron donor (D) varies depending upon the type of the 
electron donor (D). The catalyst component (A) shows good performance even if it contains not 
50 more than about 2 moles, preferably not mrwe than about 1 mole, especially preferably not 
more than 0.5 mole, of the other electron donor (D) per mole of the ester (E). 

According to this invention, olefins are polymerized by using a catalyst system composed of 
the solid titanium catalyst component (A) prepared as above, the organometallie compound (B) 
of the metal of Groups I to III of the periodic table, and the organic silicon compound (Q. 
55 As examples of the organometallie compound (B), the following compounds may be cited. 

(1) Organoaluminum compounds having at least one Al-C bond in the molecule, for example 
organoaluminum compounds of the general formula 



60 



wherein R 1 and R 2 are identical or different and each represents a hydrocarbon group, for 
example a hydrocarbon group h&vmg 1 to 1 5 carbon atoms, preferably 1 to 4 carbon atoms, X 
represents a halogen atom, m is a number represented by 0<m<3, n is a number r present d 
by 0^n<3, p is a number represented by 0^p<3, q is a number r presented by 0^q<3 and 
65 m + n + p + q = 3. 
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(2) Compfeit alkylated products off aluminum and a Group I metal represent d by the gen ral 
formula 



5 5 
wherein RfT represents Li. Wa and K. and R 1 is as defined above. 

(3) DiatZtyS compounds of a Group 111 metal represented by the general formula 

R'R 2 Wl 2 

10 10 
wherein R* end R 2 are as defined above, and M 2 is Mg, Zn and Cd. 

In Ote <above formulae, examples of the hydrocarbon group for R* and R 2 are alkyl groups and 
aryl groups. 

Examples ©J the organoaluminum compounds (1) are shown below . 
1 5 Compounds off the general formula R 1 *AI(OR 2 ) 3 ^ (wherein R 1 and R2 are as defined above, m 15 
is preferably a number represented by 1 -5^m^3; 

compounds off the general formula R'^AIXj^ wherein R 1 is as defined above, X is halogen, 
and m ts gtrcCsrabty a number represented by 0<m<3; 

compounds represented by the general formula R 1 AIH 3 ^, wherein R 1 is as defined above, and 
20 m is preffercbSy a number represented by 2;im<3, and 20 

compounds represented by the general formula R'^AUOR 2 )^ wherein R 1 and R 2 are as 
defined above. X represents halogen, 0<m<3, 0^n<3, 0^q<3. and m + n + q = 3. 

Specific examples of the organoaluminum compounds of formula (1) are trialkyl aluminums 
such as trtszhyf aluminum and tri butyl aluminum; trialkenyt aluminums such as triisoprenyl 
25 aluminum; partially alkoxytated alkyl aluminums, for example, diaikyi aluminum alkoxides such 25 
as diethyl abminum ethoxide and dibutyl aluminum butoxide; alkyl aluminum sesquialkoxides 
such as ethyl aluminum sesquiethoxide and butyl aluminum sesquibutoxide; compounds having 
an average composition expressed by R^sAltOR 2 )^; partially halogenated alkyl aluminums, for 
example, dsa£cyl aluminum halide such as diethyl aluminum chloride; dibutyl aluminum 
30 chloride and <£@thyl aluminum bromide; alkyl aluminum sesquihatides such as ethyl aluminum 30 
sesquichlomfe, butyl aluminum sesquichloride and ethyl aluminum sesquibromide; alkyl alumi- 
num dihafsgzs such as ethyl aluminum dichloride, propyl aluminum dcchloride and butyl 
aluminum d&rcmtde; partially hydrogenated alkyl aluminums, for example, dialkyl aluminum 
hydrides surfi as diethyl aluminum hydride and dibutyl aluminum hydride, alkyl aluminum 
35 d in ydrixtes such as ethyl aluminum di hydride and propyl aluminum dihydride; and partially 35 
alcoholstted snd halogenated alkyl aluminums, for example, alkyl aluminum alkoxyhalides such 
as ethyl ahsm-num ethoxychloride, butyl aluminum botoxychloride and ethyl aluminum ethoxy- 
bromide~ 

Examples of the compounds mentioned in (2) above are UAHCjHJa and LiAI(C 7 H I5 ) 4 . 
40 Examples off the compounds mentioned in (3) above are diethyl zinc and diethyl magnesium. 40 
Alkyf magnsstum ha I ides such as magnesium chloride may also be used. 

Organcc&cmtrtum compounds in which two or more aluminum atoms are bonded through an 
oxygen or ratrogen atom, similar to the compounds (1 ), may also be used. Examples of such 
aluminum compounds are (^HJ^OAl^H^, (C 4 H fl ) 2 AIOAI(C 4 H 9 ) 2 and 
45 45 

i 

CA 

50 Among £fce above organoaluminum compounds, trialkyl aluminums and alkyl aluminums in 50 

which ttso ©r more aluminums are bonded are preferred, 

Hlu2tra«fK2 of the organic silicon compound (C) having an Si-O-C or Si-N-C bond are 

alkoxysiisnss end aryloxysilanes. For example, there may be cited organic silicon compounds 

represented by the following general formula 
55 55 



wher&n US represents a hydrocarbon group, such as an alkyl, cycftoaSfeyl, aryl, alkenyl, 
halosSfcyl, cromtnoalkyl group, or halogen, R 1 represents a hydrocarbon group such as an alkyl, 
60 cydoal&yJ, zry\. alkenyl or alkoxyalkyl group, and n is a number represented by 0sgn^3, 60 
preferably 0^n^2, and n R groups, or (4 — nJOR 1 groups may be identical or different. 

In the atewe formula, R is preferably a C^-C^ hydrocarbon gr up, such as a C,-C w alkyl 
group, a C*-C 12 cydoalkyl group, a Cg-C^, aryl group, a C,-C 10 alkenyl group, a A,-C 10 
haloalkyi $?msp. or a C,-C l0 aminoalkyl group, and a halog n atom such as chlorine atom; and 
65 R 1 is pref<sr£2j3y a C^-C^ hydrocarbon group, such as a C,-C IO alkyl group, a C 6 -C ia cydoalkyl 65 
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a Ctf-Ca cryfl group, a C 2 -C 10 oik nyl group, or a C ? -C 1t > alttosy olkyt group. 
OtftQir gsot^Jss off tth© catalyst compon nt (C) includes sit xanes having the gr up OR 1 and 
c3yJ osiers <a3 ecjtonylic acid. Examples of R 1 are the sam as those exemplified abov . Ther 
irBsy olso &3 esapd She product of reaction of a compound having no Si-O-C bond with a 
5 campotmd te^ng on O-C bond obtained either in advance or in situ. For example, there can bo 5 
cfeed tlhe £sc3ts uss of a halogen-containing silane compound containing no Si-O-C bond or 
silicon fay&zz&z cntth an alkoity group-containing aluminum compound, an alkoxy group- 
ccJifcajning sssgnasium compound, another metal alcohotate, an alcohol, a formate ester, 
otfvyferta «sja£a. etc. The organic silicon compound may contain another metal such as aluminum 

10 Dftd tin. 10 
EnompSss c3 preferred organic silicon compounds as component (C) include trimethylmethoxy- 
eiiton©. itrEfS^Stytehoirysilane, dimethyldimethoKysilane, dimethyld&thoxysilane, diphenyldime- 
tftoxysilsTts., Gztethytphenyldimethoxysilane. diphenyldiethoxysilane, ethyfcrimethoxysilane, me- 
thy^m^steiysiiane, vinyftrimethoxysilane, phenyttrimethoxysilane, gamma-chloropropyltrime- 

1 5 sfcoKysilara. crothyttriethoxysitane, ethyftriethoxysilane, vinyhriethoxysilane, butyttriethoxysilane, 1 5 
phsnyttitsfitiEitysilane, gamma-aminopropyftriethoxysilane, chlorotreethoxysilane, ethyttriisopro- 
poxystlarcs. t?D?»yttributoxysilane, ethyl silicate, butyl silicate, trimethytphenoxysilane, methyltrial- 
Jyteirvsiicjta. vE7«yftrts(b3tamethoxyethoxy)silane, vinyrtriacetoxysilane, dimethyttetraothoxydisilox- 
arte and siStsn^ksthoxydiethytaminosilane. Of these, methyhrimethoxysiiane, phonyrtrimethoxy- 

20 silane, ms^B^riethoxysilane, ethyltriethoxysilane. vinyttriethoxysitane, phenyrtnethoxysilane. vi- 20 
nyftributcoiysSane, ethyl silicate, diphenyldimethoxysitane, diphenyldtethoxysil&ne and methyl- 
phenyimc&tssrysilane (the compounds of formula R«Si(0R f ) 4 _ n given above) are especially 
preferred. 

The coCTsgtoroent (C) may be used in the form of an adduct with other compounds. 

25 Aecordiytg to this invention, there is provided a process for producing olefin polymers or 25 
copolymers tshich comprises polymerizing or copolymerizing olefins or co polymerizing at least 
one olefin rath a minor amount, for example up to 10 mole%, of a diene in the presence of a 
catalyst sysssm composed of the solid titanium catalyst component (A), the or gano metal lie 
compound (B) and the organic silicon compound (C) 

30 Illustrate of olefins which can be used are olefins having 2 to 10 carbon atoms such as 30 
ethylene, propylene, 1-butene, 4-methyl-1-pentene and 1-octene, They may be homopolymer- 
ized or rsrtgom-copofymerized or block-copolymerized. The diene may be a polyunsaturated 
compound such as conjugated dienes or nonconjugated dienes. Specific examples include 
butadiene, ecprene, 1 ,3-pentadiene, 1 ,4-pentadiene, 1 , 5-hexadiene, 1,4-hexadiene. ethylidene 

35 norbornerte. vinyl norbornene and 1 ,7-octadiene. 35 
The cataSyst system of this invention can be advantageously used in the polymerization of 
copolymarszzftion of alpha-olefins having at least 3 carbon atoms, specifically in the polymeriza- 
tion or cops5ymerization G f alpha-olefins having 3 to 10 carbon atoms or the copolymerization of 
at least one such alpha-olefin with up to 10 n»ole% of ethylene and/or a diene. 

40 The cats3yst system of this invention shows the excellent characteristic that when used in the 40 
polymerizs&on of ethylene, it gives a high yield of a polymer having a narrow particle size 
distribution, a high bulk density and a narrow distribution of molecular weight. 

The pofymerization be carried out either in the liquid or vapor phase. When the liquid- 
phase pofyroertzation is carried out, inert solvents such as hexane, heptane and kerosene may be 

45 used as a reaction meda-n. If desired, the olefin itself may be used as the reaction medium. The 45 
amount of tf*e catalyst ca.i bo properly selected. For example, in a preferred embodiment, per 
liter of the (reaction solvent in the case of the liquid-phase reaction or per liter off the volume of 
the reacucn zone in the case of the vapor-phase reaction, the component (A) is used in an 
amount of 0-0001 to 1 millimole as the titanium atom; the component (8) is used in such a 

50 proportion ufrat the amount of the metal atom in the component (B) is 1 to 2,000 mols, 50 
preferably 5 to 500 moles, per mole of the titanium atom in the component (A); and the 
component (C) is used in such a proportion that the amount of the silicon atom in the 
component (C) is 0-001 to 10 moles, preferably 0.01 to 2 moles, especially preferably 0.05 to 
1 mole, per mole of the metal atom in the component (B). 

55 The cataSyst components (A), (B) and (C) n;ay be contacted with one another before or during 55 
the polymerization. In contacting them before the polymerization, only two off them may be 
freely sefecced and contacted. Or two or three components may be partly taken up and 
contacted cash each other. The contacting of these components before the polymerization may 
be carried out in an atmosphere of an inert gas or in an atmosphere of an olefin. 

60 The pofyraertzation temperature is preferably about 20 to about 200X, more preferably about 60 
50 to about 180"C. The pressure is from atmospheric pressure to about 100 kg/cm 7 , preferably 
from about 2 to about 50 kg /cm 2 . The polymerization can be carried out batchwise, 
semicontimnftjsly, or continuously. Or the polymerization may also be carri d out in tw or more 
stages hating different r action conditions. 

65 When tft? process of this invention is applied to the st reospecific polym rization of alpha- 65 
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e&fins tevcng ot loast 3 carbon atoms, polymers having a high stereospeciftcity ind x can be 
pra&jced rcith a high catalytic effici ncy. While an att mpt to obtain a polymer having a high 
tns&i irttfcsn by using hydrog n in th polymerization of an olefin using th hitherto propos d 
scM ti&stsum-contatning catalyst components tends to result in not a small reduction in 
5 &G?GG^?3£iffiECfty, the use of the catalyst system in accordance with this invention can reduce this 5 
ttertsSsatcy. 

Hosing (regard to the high activity of the catalyst, the yield of the polymer per unit amount cf 
th© sited titanium catalyst component (A) is larger than that in the prior art when polymers of 
the £3fft3 stereospecificity index are to be obtained. Hence, the catalyst residue, particularly the 

10 hatogsn cement, of the resulting polymer can be decreased. This not only enables the catalyst 1 0 
removing operation to be omitted, but also can markedly inhibit the corroding tendency of 
mo9<2$ <&nrng molding. 

Wten tites process of this invention is applied to slurry polymerization or vapor phase 
poSysnerizsaion, there can be formed a granular or nearly spherical polymer which looks as if it 

1 5 were the product of aggregation of fine powders. Such a granular or spherical polymer has good 1 5 
ftczrab&tp and in some applications, can be directly used without pelletization. Another 
edventejpa os that the melt index of the polymer can be changed by using a lesser amount of a 
mafceuter weight controlling agent such as hydrogen than in the case of convenient catalyst 
systems, and that surprisingly, by increasing the amount of the molecular weight controlling 

20 agent, the activity of the catalyst rather tends to increase contrary to the conventional catalysts. 20 
With the conventional catalyst systems, the increasing of the amount of the molecular weight 
comnrffirtg agent in an attempt to obtain a polymer having a high melt index leads tc the 
decrease of the partial pressure of the olefin monomer and naturaiSy to the decrease of the 
activity off the catalyst system. The catalyst system of this invention gives rise to no such 

25 probSem. and hs activity is rather increased by increasing the amount of the molecular weight 25 
comrcS&rtg agent. 

While tte conventional catalyst systems decrease in activity with the passage of the 
polymerization time, such a phenomenon is scarcely noted in the catalyst system of this 
invention. The present invention brings about the advantage that even when the catalyst system 
30 is used in a multi-stage continuous polymerization process, the amount of the polymer product 30 
can be greatly increased . 

Since the catalyst system of this invention is very stable at high temperatures, a reduction in 
stereospecrficity is hardly observed even when propylene is polymerized at a temperature of, for 
example, about 90*C. 

35 The following Examples illustrate the present invention more specifically. 35 
Enampte 1 

Preparation of a solid titanium catalyst component (A): 

Anhydrous magnesium chloride (4.76 g; 50 millimoles), 25 ml of decane and 23.4 ml (150 
40 mfflsmofces) of 2-ethythexyl alcohol were reacted at 1 30 *C for 2 hours to form a uniform 40 
soiutccn- Phthalic anhydride (1.11 g; 7.5 millimoles) was added to the solution, and the mixture 
,was further stirred at 1 30 *C for 1 hour to dissolve phthalic anhydride in the uniform solution. 
The resulting uniform solution was cooled to room temperature, and wholly added dropwise 
over the course of 1 hour to 200 ml (1 .8 moles) of titanium tetrachloride kept at — 20*C. After 
45 the addition, the mixture was heated to 1 1 0X over the course of 4 hours, and when a 45 
temperature of 1 10X was reached, 2.68 ml (12.5 millimoles) off diisobutyl phthalate was 
added, "Hts mixture was then maintained at this temperature for 2 hours with stirring. After the 
reaction, the reaction mixture was hot-filtered to collect the solid portion. The solid portion was 
again suspended in 200 ml of titanium tetrachloride, and reacted at 1 10*C for 2 hours. After 
50 the reactom, the solid portion was collected by hot filtration and washed with oecane kept at 50 
1 10"C and hexane until no free titanium compound was detected in the washings. 

The so3«S titanium catalyst component (A) synthesized by the above method was stored as a 
sSurry in hexane. A part of the slurry was dried in order to examine the composition of the 
catalyst, fit was found that the resultant solid titanium catalyst component (A) contained 3. 1 % 
55 by weight of titanium, 56.0% by weight of chlorine, 1 7.0% by weight of magnesium and 55 
20 9% by weight of diisobutyl phthalate. 
Polymerization: 

A 2-trter autoclave was charged with 750 ml of purified heoane, and in an atmosphere of 
propylene at room temperature, 2.51 millimoles of triethyl aluminum, 0.125 mitlimole of 
60 phenyftriethoxysilane and 0.01 5 millimole, calculated as the titanium atom, of the catalyst 60 
component (A) prepared as above were introduced into the autoclave. After introducing 200 ml 
off hydrogen, th temper atur was raised to 70 # C, and propylene was polymerized for 2 hours. 
During the polymerization, th pressur was maintained at 7 kg/cm 2 .G. 
After tte polymerization, the slurry containing the r suiting po&ymer was filtered to separate it 
65 into a trfwss powdery polymer and a liquid layer. Aft r drying, the am unt of the white powd ry 65 
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^©Symsr rco3 37©.2 g. Tha poflymor hcd a bailing n-fceptsm© ©srtrccacssi eooidu© of 98.9%, a melt 
c?idbn @J Cftd cji c^crem dterrcsiiy off 0.44 g/ml. The partccSo cssq distribution ff th 
vJfofco (pxK^fc^ (°xg3ytnfrG7 tyoo qo ohoc^n in TofeSe 1 . Concentrating S&tQ flcguid lay©-.* yielded 1 .9 g of 
o c$&sm-cs!)3££b g&Sym&z. Accordingly, thQ ectivity roas 25,400 g-PP/mrooie-Ti, and the 
$ £2Stt£3&csfty cftfess {01) of tha emire polymer roos 98.4SS. 
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1 5 Encarcpto 1 tscs fc&owed eitcept that the amount of hydrogen used in the polymerization was 
<ehon®ed Ho D($® ml, 400 mml. 800 ml, 1,000 ml and 2,000 ml, respectively. The results are 

dft&zm in Tc£b 2. 



Ts&fe 2 



(Eaampie 


Asfltsunt of 
fo^ailrogen 


Ml 


Activity 

(g-PP/mmoi-Ti) 


II (%) of 

the white 

powdery 

porymer 


11 (%) of 

the entire 
pooymer 


2 


100 


2.7 


20,000 


98 9 


98.4 


1 


200 


7.5 


25,400 


98.9 


98.4 


3 


400 


20 


30,800 


98.6 


98.0 


4 


800 


69 


32,100 


98 3 


97.7 
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?©00 


145 


34,000 


97.7 


97.0 
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2000 


280 


29,600 


97.4 


96.6 
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35 Enampie 1 033 followed except that the polymerization temperature was changed to 80 "C and 
90 *C, resp3C8c»2i)y. The results are shown in Table 3. 
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1 


70 


25,400 


98 9 
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0.44 


7.4 


7 


80 


25,300 


99.2 


98.6 


0.43 
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50 

Ex&mpS@ 9 

A 2-&fe2r sacasclave was charged with 50© g of propylene, and at traces temperature, 0.25 
mmofle of toteJuyf aluminum, 0.025 millimofe of dip5t2nyfldim<3thoj^£fejC3 and 0.005 mmote, 
calculated as take titanium atom, of the eata&yot component (A) descsi&s^l £uample 1 were 
55 introduced esse© (the autocfiave. Hydrogen (750 mf) was further intro^Sicssri) cnto the autoclave. The 
temperature tses raised to SOX, and propyfiene was ^©Symerized to D fcs&x. Afer drying, the 
amount of tfte entire poSymer yielded was 1 92.3 g. The entire pu&^csr Gfccd a toiling n-heptane 
eKtrscteon irtsr&sfe of 98-6%, an ftdl of 3.2 ®nd an e^pcrem denos&tf <5tf g/ml. Hence, the 
cctrviity at flfcss Gbroe was 38,500 g^P/mm©4e-Ti. 

(SO 

Eaemptoz 11 @ m 14 

gcesrcpSo % fofltewed eacept that 0.375 mfiBto^s of triethytl dtesJ^m, 0.0188 millimole 
of ^t3sv^st^n^s^f^&^ and 0.0025 milliirre©!©, cetaftftertiGd so th© titiscshsm otoovs, of the catalyst 
comptmsm (J£$ (^Qccrflfc^ in Extample 1 were used on tha p^merist&sai, CTtd tto polymerization 
©5 time was dtecn^pd to 1 5 minutes, 30 minutes, 1 fa&ur, 2 hours, ere$ 3 Dcs^tro, reopectovely. The 
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results are shown a* TcSrfe 4. 
Tablet 
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15 15 
Example 15 

A 2-liter autoclave oss charged with 750 ml of purified hexane. and in an atmosphere of 
propylene at room t&mperature, 2.51 millimols of triethyl aluminum, 0.125 millimole of 
diphenydimethony^kffts and 0.01 5 millimole, calculated as the titanium atom, of the catalyst 
20 component (A) descried in Example 1 were introduced into the autoclave. After introducing 20 
200 ml of hydrogen, nhe temperature was raised to 7 OX, and propylene was polymerized for 2 
hours. During the poVmenzation, the pressure was maintained at 7 kg/cm 2 . G. The reaction 
mixture was worked up by the same procedure as in Example 1 . The resutts are shown in Table 
5 

25 25 
Example 16 

A 2-liter autodsve eras charged with 750 ml of purified hexane, and in an atmosphere cf 
propylene at room temperature, 2.51 millimoles of triethyl aluminum, 0.225 millimole of 
phenyrtrimethoxysdsne and 0.015 millimole, calculated as the titanium atom, of the catalyst 
30 component (A) described in Example 1 was charged. After introducing 200 ml of hydrogen, the 30 
temperature was rzrssd to 70"C, propylene was polymerized for 2 hours- During the polymeriza- 
tion, the pressure raas maintained at 7 kg/cm 2 . G. The reaction mixture was worked up in the 
same way as in EnsasnpSe 1. The results are shown in Table 5. 



35 Example 17 35 
A 2-lrter autocSs^fs xztbs charged with 750 ml of purified hexane, and in an atmosphere of 
propylene at room temperature, 2.51 millimoles of triethyl aluminum, 0.30 millimole of 
vtnyttrimethoxysfteTtg and 0.01 5 millimole, calculated as the titanium atom, of the catalyst 
component (A) described in Example 1 were introduced into the autoclave. After introducing 

40 200 ml of hydrogsr-, she temperature was raised to 70 X, and propylene x»zs polymerized for 4 40 
hours. During the po^nerization, the pressure was maintained at 7 kg/cm^G. The reaction 
mixture was worfteaS up on the same way as in Example 1 . The results are shown in Table 5. 



Example 18 

45 A 2-lrter autocfewa eras charged with 750 ml of purified hexane, and in an atmosphere of 45 
propylene at room t&mperature, 2.51 millimoles of triethyl aluminum, 0.45 millimole of 
metfryltr i methoxysfe^ts and 0.01 5 millimoles, calculated as the titanium atom, of the catalyst 
component (A) (fesorE&ed in Example 1 were introduced into the autoclave. After introducing 
200 ml of hydro&sa, the temperature was raised to 70*C, and propylene was polymerized for 2 

50 hours. During the gHtSymerization, the pressure was maintained at 7 kg/cm 2 . G. The reaction 50 
mixture was wotted cxp in the same way as in Example 1 . The results are shown in Table 5. 



Example 19 

A 2-liter autocte^ vras charged with 750 ml of purified hexane, and m an atmosphere of 
55 propylene at room eetmperature, 2.51 millimoles of triethyl aluminum, 0.30 millimole of 55 
ietraethoxysftane sred 0.015 millimole, calculated as the titanium atom, of the catalyst 
component (A) desorr&ed in Example 1 were introduced into the autoclave. After introducing 
200 ml of hydrc$3Ji. tft© temperature eras raised to 70*C, and propyte&s was polymerized for 4 
hours. During ipcSymsrizsrScon, the pressure was maintained at 7 kg/cm 2 .G, The reaction 
60 mixture was worted up in tifa? same way as in Example 1 . The results are shown in Table 5. 60 



Example 20 

A 2-lrter autocfesa tsos dfosxgsd with 750 ml of purified hexane, and In an atmosphere of 
propylen at room zsmpsnM&Q, 2,51 millimoles of triethyl aluminum, 0.225 millimole of 
65 efhyltriethoxys&rta cjtd 0.01 5 miUimota, calculated as th titanium atom, of the catalyst 65 
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component (A) described in Example 1 w r introduced into th autoclave. After introducing 
200 ml off hydrogen, the temperatur was raised to 70X. and pr pylen was polym rized for 4 
hours. Curing tfte polymerization, th pr ssure was maintained at 7 kg/cb J .G. Th r acti n 
mixture was carted up in th same way as in Exam pi 1 . The results ar shown in Table 5 

5 5 

Example 21 

A 2-liter autccteive was charged with 750 ml of purified hexane, and in an atmosphere of 
propylene at m&m temperature, 2.51 millimoles of triethyl aluminum, 0.225 millimoles of 
vinyltriethoKySEfeJts and 0.01 5 millimoles, calculated as the titanium atom, of the catalyst 
10 component (A) described in Example 1 were introduced into the autoclave. After introducing 10 
200 ml off hytfrcgen, the temperature was raised to 70X, and propylene was polymerized for 4 
hours. The resrsEon mixture was worked up in the same way as in Example 1 . The results are 
shown in TsibSe 5. 



1 5 Example 22 .15 
A 2-liter eutcc&ave was charged with 750 ml of purified hexane, and in an atmosphere of 
propylene at toom temperature, 2.51 millimoles of triethyl aluminum, 0.225 millimole of 
mrthylphenyttfoethosysilarre and 0.01 5 millimole, calculated as the titanium atom, of the 
catalyst component (A) described in Example 1 were introduced into the autoclave. After 

20 introducing 200 ml off hydrogen, the temperature was raised to 70 X, and propylene was 20 
polymerized fos- 2 hours. During the polymerization, the pressure was maintained at 7 
kg/cm 2 .G. The reaction mixture was worked up in the same way as in Example 1 . The results 
are shown in Ta&Se 5. 



25 Example 23 25 
A 2-liter autoclave was charged with 750 ml of purified hexane, and in an atmosphere of 
propylene at room temperature, 1 .8 millimoles of triethyl aluminum, 0.45 millimole of 
monochlorodtethyl aluminum, 0.12 millimole of phenyhriethoxysilane, and 0.015 millimole, 
calculated as the titanium atom, of the catalyst component (A) described in Example 1 were 

30 introduced into the autoclave. After introducing 200 ml of hydrogen, the temperature was raised 30 
to 7 OX, and propylene was polymerized for 2 hours. During the polymerization, the pressure 
was maintained at 7 Ccg/cm 2 .G. The reaction mixture was worked up in the same way as in 
Example 1. The results are shown in Table 5. 





Table 5 












35 




Example 


Organic silicon compound 


Activity 


II (%) of 


Ml 


Bulk 








(Q 


(g-pp/ 


the 




densi- 










mmole-Ti) 


entire 




ty 




40 








polymer 




(g/ml) 


40 




15 


Dtphenyldimethoxysilane 


31,600 


98 9 


6.3 


0.45 






16 


Ffcenyrtrimethoxysilane 


23,700 


98 6 


5.2 


0.45 






17 


Vsrtyhrimethoxysi la ne 


19.200 


97.6 


25.0 


0.44 




45 


18 


fi£ethyrtrtmethoxy si lane 


23,300 


96.9 


11.4 


0.44 


45 




19 


Tetraethoxysilane 


22,300 


96.8 


58.0 


0.43 






20 


Eefeykriethoxysilane 


22,200 


98.0 


24.0 


0.44 






21 


Vcrsyfttriethoxysilane 


18,700 


98.0 


27.0 


0.43 






22 


ftfiethylphenyldimethoxy- 


29.700 


98.6 


4,2 


0.45 




50 














50 




23 


Pfltsnyftrsetho xy si la ne 


23,100 


97.6 


7.6 


0.44 





Example 24 

55 Preparation of a solid titanium catalyst component (A): — 55 
Anhydrous m&gmshtm chloride (4.76g; 50 millimoles), 25 ml of decane and 23.4 ml (150 
millimoles) of 2-c2hyHhexyl alcohol were reacted at 1 30 X for 2 hours to form a uniform 
solution. Phtfos^c anhydride (1.11 g; 7.5 millimoles) tvas added to the solution. Th® mixture 
was stirred at U30X for 1 hour to dissolve phthalic anhydride. The resulting uniform solution 

60 was cooled to ffmtm temperature, and wholly added dropwise over the course of 1 hour to 200 60 
ml (1 .8 motes) «rf titanium tetrachloride kept at — 20*C. After the addition, the temperature of 
the mixed so&uScoji t#as raised to 1 1 0X over the course of 4 hours. When the temperature 
reached 11 OX, 3.5 g (12.5 millimoles) of di-n-foutyl phthalate was added, and the mixture was 
maintained s2 tfks same temperature for 2 hours. After the lapse of the %#o hours, the so&d 

65 portion was csrTiacted) fey hot-filtration from the reaction rnintur . The soled portion was again 65 
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suspended in 200 ml of titanium tetrachloride, and again heated at 1 20X for 2 hours. After the 
reaction, the solid portion was collected by hot filtration, and washed fully with decane kept at 
120X and hexane until no free titanium compound was detected in the washings. 

The r suiting catalyst component (A) was stor d as a slurry in hexane. A part of the slurry was 
5 dried in order to examine the composition of the catalyst. The resulting catalyst component (A) 5 
was found to contain 2.1% by weight of titanium. 

Propylene was polymerized by using the resulting solid titanium catalyst component in the 
same way as in Example 1 . The results are shown in Table 6 . 

1 0 Example 25 10 
Preparation of a solid titanium catalyst component (A): — 

Anhydrous magnesium chloride (4.76 g; 50 millimoles), 25 ml of decane and 23.4 ml (150 
mi Hi moles) of 2-ethylhexyl alcohol were reacted at 1 30 X for 2 hours to form a uniform 
solution. Phthalic anhydride (1.11 g; 7.5 millimoles) was added to the solution, and the mixture 

1 5 was stirred at 1 30X for 1 hour to dissolve phthalic anhydride. The resulting uniform solution 1 5 
was cooled to room temperature, and wholly added drop wise over the course of 1 hour to 200 
ml (1 .8 moles) of titanium tetrachloride kept at — 20X. After the addition, the mixture was 
heated to 1 10X over the course of 4 hours. When the temperature reached 1 10X, 2.6 ml 
(1 3.0 millimoles) of diethyl phthafate tJiras added. The mixture was maintained at this 

20 temperature for 2 hours. After the reaction for 2 hours, the solid portion was collected from the 20 
reaction mixture by hot fittratGon. The solid portion was again suspended in 200 ml of titanium 
tetrachloride and again reacted at 1 20X for 2 hours. After the reaction, the solid portion was 
again collected by hot filtration, and washed with decane at kept at 1 20 X and hexane until no 
free titanium compound was defected in the washings. 

25 The resulting solid titanium catalyst component (A) prepared as above was stored as a slurry 25 
in hexane. A part of the slurry tsas dried in order to examine the composition of the catalyst. 
The resulting solid titanium catsSyst component (A) was found to contain 4.0% by weight of 
titanium. 

Using the resulting solid titanium catalyst component (A), propylene was polymerized in the 
30 same way as in Example 1 . The results are shown in Table 6. 30 

Example 26 

Preparation of a solid titanium catalyst component (A): — 

Anhydrous magnesium chiorE£e (4.76 g; 50 millimoles), 25 ml of decane and 23.4 ml (150 

35 millimoles) of 2-ethylhe*yl aleoStol were reacted at 1 30X for 2 hours to form a uniform 35 
solution. Phthalic anhydride (1_11 g; 7.5 millimoles) was added to the solution, and the mixture 
was stirred at 130X for 1 hour to dissolve the phthalic anhydride. The resulting uniform 
solution was cooled to room temperature, and wholly added drop wise over the course of 1 hour 
to 200 ml (1 .8 moles) of titanium tetrachloride kept at - 20X. After the addition, the mixture 

40 was heated to 1 10X over the course of 4 hours. When the temperature reached 11 OX, 2.9 ml 40 
(12.5 millimoles) of ditsopropyS phthalate was added, and the mixture was maintained at the 
same temperature for 2 hours. After the reaction for two hours, the solid portion was collected 
from the reaction mixture by hot filtration. The solid portion was again suspended in 200 ml of 
titanium tetrachloride, and agam reacted at 120X for 2 hours. After the reaction, the solid 

45 portion was again collected by hot filtration, and washed with decane kept at 120X and hexane 45 
until no free titanium compound was detected in the washings. 

The solid titanium catalyst component (A) prepared as above was stored as a slurry in hexane. 
A part of the slurry was dried m order to examine the composition of the catalyst. The resulting 
solid tftanium catalyst compcmsnt (A) rcas found to contain 2.9% by weight of titanium. 

50 Using the resulting coSBd tftsaasm catalyst component (A), propylene was polymerized in the 50 
same way ©s in Example 1 . Tfaa results are shown in Table 6. 



Table 6 



55 Example 



Ester (E) 




II (%) of 
the 
entire 
polymer 



Bulk 
densi- 
ty 

(0/ml) 



55 



60 24 
25 
26 



Di-n -butyl phthetecs 
Dcethyi pshshalat© 
DiisopropyS phtteltelo 



23,000 
18,300 
20,100 



97.6 
97.5 
97,3 



2.9 
11.1 
9.2 



0.42 
0.44 
0.44 



60 



65 Example 27 
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Preparation f a catalyst component (A): — 

C 2 H 5 OWlgCI (5.25g). 23-2 ml of 2-ethylhexyl alcoh I and 50 ml of decane were mixed at 
room temperature for atotfi 1 hour. To the resulting unif rm solution was added 1.11 g of 
phthalic anhydrid . and tfta reacti n was carri d ut at 1 30 # C for 1 hour to dissolve phthalic 
5 anhydride in the uniform solution. The solution was then cooled to room temperature. The 5 
uniform solution thus obtained was added dropwise with stirring over 1 hour to 200 ml of 
titanium tetrachloride kept at — 20"C. The mixture was worked up in the same way as in 
Example 1 to form a cats*/s component (A). 
Polymerization : 

1 0 Propylene was polymerized in the same way as in Example 1 5 except that the catalyst 1 0 

component (A) prepared as sbove was used. The polymerization activity was 23.700 g- 
PP/mmole-Ti, and the esm© polymer had an II of 96.0%. The apparent density of the polymer 
was 0.42 g/ml. 

1 5 Example 28 1 5 

Preparation of a catalyst component (A): 

A decane solution (150 ml) containing 50 millimoles of ethyl butyl magnesium and 17.0 ml 
of 2-ethyihexanol were re stsgd at 80*C for 2 hours to form a uniform solution. Phthalic 
anhydride (1.11 g; 7.5 m£5mo*es) was added to the solution to form a fully uniform solution. 
20 The uniform solution was zr&xted a dropwise with stirring over the course of 1 hour to 200 ml of 20 
titanium tetrachloride kept st — 20*C. Then, the same operation as in Example 1 was performed 
to give the catalyst component (A). 

Polymerization : 

Propylene was polymerized tn the same way as in Example 1 5 using the resulting catalyst 
25 component (A). The results are shown in Table 7. 25 

Example 29 

Preparation of a catalyst component (A): — 

Anhydrous magnesium ctoride (4.76 g; 50 millimoles), 25 ml of decane, 3.4 ml (10 
30 millimoles) of tetrabutosytisanium and 17.9 ml (115 millimoles) of 2-ethylhexyI alcohol were 30 
reacted at 1 30"C for 2 hou-rs to form a uniform solution. Phthalic anhydride (1.1 1 g; 7.5 
millimoles) was added to the solution, and the mixture was stirred at 1 30"C for 1 hour to 
dissolve phthalic anhydride- The resulting uniform solution was cooled to room temperature, and 
wholly added dropwise over the course of 1 hour to 200 ml (1.8 moles) of titanium 
35 tetrachloride kept at — 20X- Then, the same operation as in Example 1 was performed to give 35 
the solid titanium catalyst component (A). 
Po ly merizat ion ; — 

Propylene was polymerized in the same way as in Example 1 5 using solid titanium catalyst 
component (A). The results are shown in Table 7. 
40 40 
Table 7 



Example 


Activity 


II (%) of the 


Ml 


Bulk 




(g-PP/mmole-Ti) 


entire polymer 




density 












28 


23,200 


97.6 


8.1 


0.43 


29 


24.300 


98.1 


3.5 


0.43 



50 50 
Example 30 

Preparation of a solid ttftsntum catalyst component (A); — 

A solid catalyst component (A) was prepared in the same way as in Example 1 except that 
1 .43 ml (01 millimoles} cJ ethyl benzoate was used instead of 1.1 1 g (7.5 mi'limoles) of 
55 phthalic anhydride. The csasSyst component (A) contained 2.4% by weight of titanium. 55 
Polymerization ; — 

Propylene was polymsrazed in the same way as in Example 1 using the resulting solid catalyst 
component (A). The resate are shown in Table 8. 



60 Example 31 60 
Preparation of a solid ms^nium catalyst component (A); — 

A soled catalyst corngsorcarct (A) was synthesized in the same way as in Example 1 except that 
1 .80 ml (1 5.6 mil!imc&R$ 0? benzoyl chloride was used instead cf 1 A 1 g (7.5 millimoles) of 
phthalic anhydride and 2-eaftylhexyl benzoat was formed during the preparation of the catalyst. 
65 Th resuming solid cartts^sS component (A) contained 3,1% by ra&ght of titanium. 65 
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Polymerization: — 

Propytens was polymerized in the same way as in Example 1 using the resulting solid catalyst 
component (A). The results r shown in Tabl 8. 

5 Exampte 32 5 
Prepcrsfccn of a solid titanium catalyst component (A): — 

A $c&3 catalyst component (A) was prepared in the same way as in Example 1 except that 
1 .47 ml (1 5 millimoles) of methyl acetate was used instead of 1.11 g (7.5 millimoles) of 
phthaltc anhydride. The resulting solid catalyst component (A) contained 4.7% by weight of 
10 titanium, 10 

Polymerization: — 

Propylene was polymerized in the same way as in Example 1 5 using the resulting solid 
titanium catalyst component (A). The results are shown in Table 8. 

1 5 Example 33 15 
Preparation of a solid titanium catalyst component (A): — 

A solid catalyst component (a) was prepared in the same way as in Example 1 except that 
1.12 arc! (15 millimoles) of propionic acid was used instead of 1.11 g (7.5 millimoles) of 
phthalic anhydride. The resulting solid catalyst component (A) contained 3.1% by weight of 
20 titanium. 20 

Polymerization: 

Propylene was polymerized in the same way as in Example 1 5 using the solid catalyst 
component (A). The resuhs are shown in Table 8. 

25 Example 34 25 
Preparation of a solid titanium catalyst component (A): — 

A soJctS catalyst component (A) was prepared in the same way as in Example 1 except that 
1.46 ml (7.5 millimoles) of diphenyl ketone was used instead of 1.1 1 g (7.5 millimoles) of 
phthaltc anhydride. The resulting solid catalyst component (A) contained 2.5% by weight of 
30 titanium. 30 
Polymerization : 

Propylene was polymerized in the same way as in Example 1 5 using the resulting solid 
titanium catalyst component (A). The results are shown in Table 8. 

35 Example 35 35 
Preparation of a solid titanium catalyst component (A): — 

A solid catalyst component (A) was synthesized in the same way as in Example 1 except that 
1 .82 ml (1 5 millimoles) of diethyl carbonate was used instead of 1 .1 1 g (7 5 millimoles) of 
phthaltc anhydride. The resulting solid catalyst component (A) contained 4.3% by weight of 
40 titanium. 40 
Polymerization; 

Propylene was polymerized in the same way as in Example 1 5 using the resulting solid 
catalyst component (A). The results are shown in Table 8. 

45 Example 36 45 
Preparation of a solid titanium catalyst component (A): — 

A strfkl catalyst component (A) was prepared in the same way as in Example 1 except that 
0.88 ml (7.5 millimoles) of tetra methyl silicate was used instead of 1 .1 1 g (7.5 millimoles) of 
phtha&c anhydride. The resulting solid catalyst component (A) contained 5.1% by weight of 
50 tftamuCTi. 50 

Polymerization: — 

Propylene was polymerized in the same way as in Example 1 5 using the resulting solid 
titanium catalyst component (A). The results are shown in Tabte 8. 

55 Example 37 55 
Preparation of a solid titanium catalyst component (A): — 

A so&d catalyst component (A) was prepared in the same t#ay as in Example 1 except that 
0-99 ml (7.5 millimoles) of n-foutyl Cellosolvs (RTft/1) was us«d instead of 1.1 1 g (7,5 
mil!ifrari3s) of phthalic anhydride. The resulting solid catalyst component (A) contained 5.5% by 
60 weight of titanium. 60 
Polymerization:* — 

Propylene was po\ymer'tze6 in the same way as in Example 1 5 using the resulting solid 
catalyst component (A). The results ar shown in Table 8. 



65 Example 38 



65 
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Preparation of a solid titanium catalyst component (A): — 

A solid catalyst component (A) was pre par d in th same way as in Example 1 except that 
<-86 ml (20 minimoles) of 2-ethylhexyl benzoat was used instead f 1 .1 g (7.5 millimoles) of 
phthalic anhydride. The resulting catalyst component (A) contained 3.1% by weight of titanium. 

Polymerization — 

Propylene was polymerized in the same way as in Example 1 5 using the resulting titanium 
catalyst component (A). The results are shown in Table 8. 
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Enampte 39 

A 2-litor cutcetowe was charged with 750 ml of purified h xane, and tn an atmosphere of 
propylore ot roosn temperature, 2.51 millimoles f triethyl aluminum. 0.15 millimole of 
p9t@nyttrietihosys33ne and 0.01 5 millimole, calculated as the titanium atom, of the catalyst 
5 component A «£2scribed in Example 1 were introduced into the autoclave. After introducing 1 00 5 
ml erf hydregsn. the temperature was raised to 60 *C- When the temperature of the polymeriza- 
tion system reec&tsd SOX, a gaseous mixture of propylene and ethylene containing 8.1 mo!e% 
off ethylene wos fed into the autoclave and maintained under a polymerization pressure of 2 
kg/cm 2 . G for 2 hours. After the polymerization, the slurry containing the resulting polymer was 

10 fiftered to separcfie ft into a white powdery polymer and a liquid layer. After drying, the amount 10 
of the white pocsdery polymer yielded was 273.2 g. The polymer had an Ml of 6.9, and an 
apparent donsasy of 0.37 g/ml. By measurement of its I R spectrum, the white powdery polymer 
ross found to cemtsan 5.0 mole% of isolated ethylene. It was determined by DSC that the 
melting point CTJ of this polymer was 135*C. Concentrating the liqucd layer afforded 14.8 g of 

15a sotvent-sofcibte polymer. Hence, the activity was 1 9,200 g-PP/mmote-Ti, and the yield of the 1 5 
polymer t#ss $4.9%. 

Estsmples 4Q so 47 

Proparatton of a catalyst component (A): — 
20 A catalyst component (A) was prepared in the same way as ExampSe 1 except that 12.5 20 
millimoles of esch of the compounds shown in Table 9 was added instead of 2.68 ml of 
dtisobutyl phthaiate . 

Polymerization: 

Propylene *^as polymerized in the san^e way as in Example 1 5 except that the catalyst 
25 component (A) prepared as above was used. The results are shown m Table 9. 25 

Table 9 



Ex- 


Polycarhoxylic 


Activity 


H 


Ml 


Bulk 




30 ample 


aod ester 


mmole-Ti) 


(%) 




density 


30 


40 


Di-n-pentyl phthaiate 


25,900 


96,4 


3.1 


0.43 




41 


Monoethyf phthaiate 


19.600 


93.1 


10.1 


0142 




35 42 


Dtph&ny^ phthaiate 


23.900 


95.1 


2,9 


0.42 


35 


43 


Df-2-ethylhexyl 
phthaiate 


24.200 


96.1 


8 5 


0.42 




44 


Diethyl phenyl malonate 


20,700 


92.9 


3,9 


0-41 




45 


Di-2-ethylhexyl 


19,500 


95.1 


4,8 


0,41 




40 


mateste 










40 


46 


Dteshyi 1,2-cyclo- 
hexanedicarboxylate 


23,400 


93.1 


12.1 


0,40 




47 


1 .2-Dtacetoxybenzene 


21.300 


92.8 


5.4 


0.41 





45 45 
Example 48 

Preparation of a catalyst component (A); — 

Fifty millimoles of a solid substance formed by the reaction of butyS magnesium chloride with 
silicon tetrachloride, 25 ml of decane and 23.4 ml of 2-ethylhexyf atecfeol were heated at 130*C 
50 for 2 hours to forsn a uniform solution. Then, 1 . 1 1 g of phthaftc anhydride was added and 50 
reacted at the same temperature for 1 hour to form a uniform solution. The solution was worked 
up in the same tsay as in Example 1 to give a catalyst component (A). 

Pol y merizartton ; — 

Propylene esas polymerized in the same way as in Example 1 5 escept that the catalyst 
55 component (A) prepared as above was used. The results are shown m Table 10. 55 

Example 49 
Preparation of a catalyst component (A): — 

Diethoay magnesium <5.73g). 23.4 ml of 2-ethylhexyl alcohol sww3 50 ml of decane were 
60 reacted at 1 30*C for 3 hours in the presence of hydrogen chloride, Ffohalic anhydride (1 . 1 1 g) 60 
t?as added to the resulting uniform solution, and reacted further at tfcs same temperature for 1 
hour. The resulting uniform solution was worked up in the same way as in Example 1 to form a 
catalyst component (A). 
Polymer izstsort; 

65 Propylene was polymerized in the same way as in Example 1 5 escept that the catalyst 65 
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component (A) prepared as above was us d. The results are shown in TabSe 10. 



Table 10 - 



Ea- 


Magresaom compound 


Activity 


II 


Ml 


BuEc 


ample 




(g-PP/ 


(%) 




density 






mmole-Ti) 








48 


C«H 0 MsCl 


21,300 


94.9 


2.9 


0.41 


49 


Dietftosy magnesium 


18,100 


95.1 


8.3 


0.42 



Examples SO and 5 1 

Preparation of a catalyst component (A): — 
15 A catalyst component (A) was prepared in the same way as in Example 1 except that each of 15 
the compounds shown in Table 1 1 was used instead of 2-ethylhexyl alcohol. 
Polymerization: 

Propylene was pofymerized in the same way as in Example 1 5 except that the catalyst 
component (A) prepared as above was used. The results are shown in TabSs 1 1 . 
20 20 
Table 11 



Ex- 
ample 


Compound 


Activity 

(9-PP/ 
mmole-Ti) 


II 

(%) 


Ml 


Bulk 
density 


50 


Oleyi s&ohol 


19,300 


96.1 


5.4 


0.43 


51 


n-ButyS 


24.100 


94.8 


10.2 


0.42 




Cellosofae 











Example 52 

A 2-liter autocue was charged with 1000 ml of purified hexane, and Hften 1.0 millimole of 
triisobutyl aluminum, 0.05 millimole of phenyltriethoxysilane and 0.02 rrt2£mo!e, calculated as 

35 the titanium atom, of the catalyst component (A) prepared in Example 1 tsere introduced into 35 
the autoclave. Tte autoclave was maintained in a closed system, and then the temperature was 
raised to 80*C. At 80 X, the pressure was raised to 3 kg/cm 2 -G with hycrogen, and ethylene 
was further introtSwced to adjust the total pressure to 8 kg/cm 2 -G. The temperature was 
maintained at 90*C for 2 hours. In 2 hours after the introduction of ethylene, the ethylene 

40 introduction was stopped, the the autoclave was quickly cooled. 40 
After the polymerization, the slurry containing the resulting polymer was ffitered, and a white 
powdery polymer raas collected. The amount yielded of the white powdery poh/mer after drying 
was 31 6g. It had an apparent density of 0.39 g/ml and an Ml of 5.1. Its particle size 
distribution was very good as shown in Table 12. The molecular weight riSsinbution of the white 

45 powdery polymer eras measured by gel permeation chromotography, and it was found that 45 
Aflw/Mn was 3.9. 



Table 12 



>1190/i 


> 840/1 


>420/i 


> 250/i 


> 177/1 


>105j: 


>44/i 


44/i > 


0 


0.3 


6.8 


90.5 


2.3 


0.1 


0 


0 



55 Example 53 55 
A 2-lrter autoclave purged with nitrogen was charged with 1000 ml of 4-methylpentene-1 , 
1.0 millimole of msthyl aluminum, 0.7 millimole of diphenyldimethoxy^ferta and 0.02 
millimole, calculss&d as the titanium atom, of the catalyst component (A) prepared in Example 1 , 
and then the carta^sa feed opening of th© autoclave was closed, Hydro$sft {50 ml) was 

60 introduced. The OKrattents in the sutodavo w@r© heated to SOX, and thetrs ooisantained at this 60 
temperature for 2 hours. After the lapse of 2 hours, the autoclave was «gicE&fly cooled. 

After the pobymsrizzftiori, th© slurry containing the resulting polymer t^ss tittered and 
separated into a estates powdery polymer and a liquid phase. The am unt yesfefled of th white 
powd ry polyrrtsr ater drying was 213.2g. This polymer had an apparent (tensity of 0.31 g/ml 

65 and an intrinsic trcscosity [tj] of 5.5. Concentrating th liquid phase gave 3_1g of a solv nt- 65 
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soluble polymer- Accordingly, the activity was 10,800g of polymer/millim le-Ti, and the yield 
of polymer was 98.6% by weight. 

Examp! 54 

5 A 2-liter outoctows purged with nitrogen was charged with 1 lit r (580g) of purified butene-1 5 
end at OX, 1 .0 wrote of triethy! aluminum, 0.7 milltmole of diphenyldimethoxysilane, and 
0.02 millimole. csficulated as the titanium atom, of the catalyst component (A) prepared in 
Esample 1 were snftroduced into the autoclave. The catalyst feed opening of the autoclave was 
c£o$ed. Hydrogen (300 ml) was introduced. The contents of the autoclave were heated to 35*C 
10 end maintained si tftss temperature for 2 hours. After the lapse of 2 hours. 10 ml of methanol 10 
rcas added to slop ttfce polymerization. The unreacted butene-1 was purged out of the autoclave. 
The resulting white powdery polymer was dried, and its amount was measured. It was 263g. 
The polymer had a boiling n-heptane extraction residue of 96.5%. 

15 CLAIMS 15 

I . A solid titanium catalyst component, for use in the polymerization of olefins or the 
copolymerization of olefins with each other or with dienes, containing magnesium, titanium, 
halogen and an esasr selected from esters of polycarboxylic acids and esters of poly hydroxy 
compounds, said csffsfyst component being obtained by contacting a liquid hydrocarbon solution 

20 of (i) a magnesium compound with (ii) a titanium compound in the liquid state to form a solid 20 
product or first preparing a liquid hydrocarbon solution of the magnesium compound (i) and the 
titanium compound (u) and then forming a solid product therefrom, said reaction of forming the 
solid product being carried out in the presence of (D) at least one electron donor selected from 
monocarboxylic ascnd esters, aliphatic carboxylic acids, carboxylic acid anhydrides, ketones, 

25 aliphatic ethers, afiphatic carbonates, alkoxy group-containing alcohols, arytoxy group-containing 25 
alcohols, organic siScon compounds having an Si-0-C bond and organic phosphorus com- 
pounds having a P-O-C bond, and during or after the formation of the solid product, contacting 
the solid product esrrth (E) the ester selected from esters of polycarboxylic acids and esters of 
poly hydroxy compounds. 

30 2. A catalyst component according to claim 1 wherein the magnesium compound (i) is a 30 
magnesium compound having no reducing ability. 

3. A catalyst component according to claim 1 or 2 wherein the titanium compound (ii) is a 
trivalent titanium compound of the formula 

35 TKOR) e X 4 _ e 35 

wherein R represents a hydrocarbon group, X represents a halogen atom and g is a number 
represented by 0^g^4. 

4. A catalyst component according to claim 1 , 2 or 3 wherein the ester (E) is a C s -C 30 

40 aliphatic polycarboxylic acid ester, C 10 -C M alicyclic polycarboxylic acid ester, C^-C^ aromatic 40 
polycarboxylic seed ester or Cg-C^ heterocyclic polycarboxylic acid ester. 

5. A catalyst component according to claim 1 , 2 or 3 wherein the ester (E) is an ester 
formed between a Q to C 16 aromatic polyhydroxy compound and a C, to C l2 aliphatic carboxylic 
acid. 

45 6. A catalyst component according to any one of the preceding claims wherein the electron 45 
donor (0) is a Cj-C^ monocarboxylic acid ester, C.-C^ aliphatic carboiiylk: acid, C^-C^ 
carboxylic acid anhydride, Cj-C^ ketone, C 2 -C, 6 aliphatic ether, Cj-C M aliphatic carbonate, 
C,-C 20 alkoxy group-containing alcohol, C^-Cao aryfoxy group-containing alcohol, organic silicon 
compound having an Si-P-C bond in which the organic group has 1 to 1 0 carbon atoms, or 

50 organic phosphorus compound having a P-O-C bond in which the organic group has 1 to 10 50 
carbon atoms. 

7. A catalyst component according to claim 1 substantially as described with reference to 
any one of Examples 1, 24 to 38 and 40 to 51 , 

8. A catalyst system comprising a solid titanium catalyst component (A) as claimed in any 

55 one of the preosdcjcg claims, 55 

(B) an organomazsiil&c compound of a metal from Groups I to III of the periodic table, and 

(C) an organic s&con compound having an Si— 0-C bond or Si-W-C bond. 

9. A catalyst system according to claim 8 wherein the magnesium /titanium atomic ratio is 
from 2/1 to 100/H, the halogen /titanium atomic ratio is from 4/1 to 100/1, and the electron 

60 donor/thanium mater ratio is from 0,01/1 to 100/1 , 60 

10. A catalyst system according to claim 8 or 9 wherein the organometalllic compound (B) is 
ssi organoalummutsro compound. 

II. A catalyst sys&&m according to claim 8, 9 or 1 0 wherein the organic silicon compound 
iQ is a compound ©f the formula 

65 65 
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R„Si<OR'),_. 

wherein R represents a C,-C, 0 alkyl group, C s -C 1? cycloalkyl group. C 6 -Ci 0 aryl group, C,-C, 0 
alkenyl group, C,-C 0 haioatkyl group or C,-C 10 amino group, R 1 represents a C,-C 10 alkyl 
5 group. Cj-C,, cycfoaQcyf group. C^-C^ aryl group, C,-C 10 alkyl group or C 2 -C, 6 alkoxyalky! 5 
group, n is 3 number represented by 0^n<3, and nR groups or (4--n)0fT groups may be 
identical or different. 

12. A catalyst system according to claim 8 substantially as described with reference to any 
one of the Examples. 

10 13. A process for producing olefin polymers or copolymers which comprises polymerizing 10 
olefins or copolymerizing olefins with each other or with dienes in the presence of a catalyst 
system as claimed in any one of claims 8 to 12. 

14. A process according to claim 13 wherein the olefins are Cj-C, 0 olefins. 

15. A process according to claim 1 3 or 14 wherein the polymerization is carried out at a 

1 5 temperature of 20 to 2O0"C and a pressure from atmospheric pressure to 130 kg/cm 2 . 1 5 

16. A process according to claim 13, 14 or 15 wherein the polymerization is carried out 
under such quantitative conditions that per liter of the liquid reaction medium in the case of 
liquid-phase reaction of per liter of the volume of the reaction zone in the case of vapor-phase 
reaction, component (A) is used in an amount of 0.0001 to 1 millimole calculated as the 

20 titanium compound; component (B), in an amount of 1 to 2,000 moles as the metal atom 20 
therein per mole of the titanium atom in component (A); and component (O. in an amount of 
0.O01 to 10 moles as the silicon compound therein per mole of the metal atom in component 
W- 

17. A process according to claim 1 3 substantially as described with reference to any one of 

25 the Examples. 25 

1 8. Molded articles of an olefin polymer or copolymer prepared by a process as claimed in 
any one of claims 1 3 to 17. 
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